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Polarization facilities at RHIC. |
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Optically-Pumped Polarized H- lon Source (OPPIS) at RHIC.

RHIC OPPIS produces
reliably 0.5-1.0mA
(maximum 1.6 mA)
polarized H- ion current.
Pulse duration 400 us.
Polarization at 200 MeV

| P = 85-90 %.

| Beam intensity (ion/pulse)

routine operation:
Source - 1012 H-/pulse
Linac (200MeV) - 5-10%!

’ -. " Booster - 2-1011,

A beam intensity greatly exceeds RHIC limit, which
allowed strong beam collimation in the Booster, to reduce
longitudinal and transverse beam emittances.

50% - scraping.

AGS -1.7-1011
RHIC - 1.4-1041
(p/bunch).



H-jet polarimeter.
Atomic Beam Source.

Atomic beam intensity- 12 -10'® atoms/s
H-jet thickness -1.5- 10*? atoms/cm?
Atomic beam polarization-96%
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SPIN -TRANSFER POLARIZATION IN PROTON-Rb COLLISIONS.

Laser-795 nm Na-jet ionizer cell:

Optical pumping _
Rb: NL(Rb) ~10% cm-2 NL(Na)~ 3+10%° cm2

1
1
1
1
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1
i Proton Sor_w_l — oA ) H-
| source transition cell
1
1
:
1
1.5 kG field
ECR-29 GHz Supperconducting Charge-exchange Electron to proton
H* source solenoid 25 klc collisions: ~10-14 cm2 polarization transfer

Laser beam is a primary source of angular momentum:

—_—
10 W (795 nm) =—>  410'° hv/sec ——> 2 A, H° equivalent intensity.



SCHEMATIC LAYOUT OF THE RHIC OPPIS.
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500 uA cuurent
At 200 MeV.
85-hole ECR
Source for the
maximum
polarization.

Faradey rotation
polarization sinal.
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Polarized injector, 200 MeV linac and injection lines.

BOOSTER

Polarization direction is
adjusted vertically in

the 750 keV beamline
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OPPIS operation in Run-2006

e BNL OPPIS reliably delivered polarized H- ion beam
(P= 82-86%) In the 2006 run for the RHIC spin
program.

e A beam intensity greatly exceeds RHIC bunch
Intensity limit, which allowed strong beam
collimation in the Booster, to reduce longitudinal and
transverse beam emittances.



Polarized beams in RHIC.

OPPIS

~

10-1011(maximum 40-1011) polarized H- /pulse, P =85%

LINAC

~

Booster

~

5-1011 polarized H- /pulse at 200 MeV, P=85%

2-1011 polarized protons /pulse at 2.3 GeV

AGS| 1.51.7 p/bunch, P ~65-70%

Maximum RHIC bunch intensity ~1.5 10! p/bunch L s S

Polarization -65%
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Polarization measurements in 200 MeV polarimeter.
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SONA-TRANSITION.
Polarization transfer from
electrons to protons.
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Bz-field component in the Sona-transition region.

Multiple charge-exchange: H—H-—H?— H-
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Polarization vs Correction Coil current with a new Sona-shield.
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Polarization - %

Polarization oscillations vs Correction Coil current.
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Polarization oscillation in Sona-transition
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Correction coil scan.
12 mm collimator
lonizer -250 A, 1.8 kG

Polarization at 200 MeV
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Polarization vs. 1onizer solenoid current with the 12mm
collimator.

Maximum polarization from the

correction coil scans, collim. -12 mm. .
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200 MeV POLARIMETER (12 degree-accidental) usvl2 — FOR POLARIZATION STUDIES)

STATUS: RUNHHIHNG

|7F"HDCESSII"-IG
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40 70 1240 on 1335 0 1 B129 o0 a0 0717747 on
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Polarization measurement in AGS, Run 06.
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Polarization measurement in AGS at 24 GeV, Run 06.
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Polarization at 24 GeV in RHIC with reduced beam intensity.
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Polarization measurement

AIF- RN LI L

LIL]

s In RHIC at 100 GeV.

rYELLOW Polarization Summary

Left-Right asym

5
5

total counts

total counts

o 88

&
2

10

10

10

x10
3000

2000

1000

0

5

4

3

May 22, 2006 6:05:12 AM
RUN 7892.102 (YELLOW)

0

3

1

25

%0 75

X90

100

unch ID

B
Bunch Distribution

2
Det
Detector Events

2 4 5

100 120
bunch crossing

ght

BRAE::)
TVeebadiiii
i iiitl
800 1000
. E(keV)
x10°2 Summed Strips

0
0
. tlm{m’r

Target Peak Position = 160

20 40 &0

| -0.0025
| -0.005
-0.0075

1.03
1.02
1.01

1
099

=
<
=
2
i

098

0.01
0.0075
0.005
0.0025

-0.01

L

'Run 7892.102(" Pol=0.680+/-0.024

Const = 1.000+- 0.000

Phi (deg) = -0.5+- 2.9
Chi2’NDF = 0.167

100

ANZ4

150 2580 00 as0

detector locatlons (degraa)

Polarization Vector
Ave. A_H=0.01220

BLUE AREA

Xfil = 0.0083+/- 0.0003

Yl = -0.0001+- 0.0004
BLUE LINES

X90 = 0.0082+/- 0.0004
RED LINES

X45 = 0.0084+/- 0.0004
GREEHLINES

Y45 = -0.0000+- 0.0004

Pink/Black Linas : Cross Asymmer ies

0005 0 0005 0.0

Close




Feasibility studies of new polarization technigues
for electron, H- ion and 3He** ion beams.

A.Zelenski, J.Alessi, E.Beebe, A.Kponou, M.Okamura, A.Pikin, J.Ritter, BNL
R.Milner, F.Simon MIT Bates, C.O’'Connel,CALTEC
V.Zubets, (INR, Moscow), V. Davidenko, BINP Novosibirsk

"Optical pumping” polarization technique.

The RHIC operational polarized source setup
will be used In these studies.

A new generation of polarized electron, H- and SHe**
lon sources will provide polarized beams for RHICII and
eRHIC spin physics.



OPPIS upgrade with the atomic H injector.

e Atomic H injector produces an order of magnitude higher brightness
beams than ECR proton source.

e A 5-10 mA H-ion current can be easily obtained with the smaller,

about 12 mm in diameter beam. This reduces most of possible
polarization losses and produce smaller emittance polarized beam.

e Neutralization in the residual gas is much smaller too.

All these factors combined will increase polarization to over 90%.

Major purchase will be a new superconducting solenoid ~$150 k.




Pulsed OPPIS layout.
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Proton “cannon” of the atomic H injector.

lon Optical System with “geometrical focusing”.
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Polarized electron production in the process of
associative ionization.

A strong ionization was discovered in the process of optical pumping of high
density sodium vapor by high power laser resonant light. This effect was later
understood as an associative ionization of alkali metal atoms in collisions of two
atoms in exited states. Nearly 100% alkali vapor ionization can be produced in
a vapor cell of a 1012 atoms/cm3 or higher vapor density.

Electron excitation is produced by optical pumping in the magnetic field,
therefore electrons which are produced in the process of ionization
must be polarized.

* Rb ionization potential is 4.18 eV
« Optical pumping at 5S,, —»5P,,, at 795 nm (1.55 eV)

+ Rb* + Rb* > Rb,* + e Mott

Pumping laser / . /polarimeter
795 © Bending

1

-V, kV




We propose the feasibility study of a new
electron polarization technique based on the
associative ionization of the alkali metal vapor
by the resonant laser light.

If successful, this technique can be used for
development of the very high intensity

(of a few hundred mA) polarized electron source
for the eRHIC complex.



EBIS ionizer for polarized 3He gas (proposal).

Polarized 3He gas is produced by a “metastability exchange”
technique. P ~ 70-80% (pressure ~ 1 torr).

3He gas is injected in the EBIS ionizer. Pulsed valve?
The ionization in EBIS is produced in a 50 kG field.

This field will greatly suppress the depolarization in the
intermediate He* single charge state, B (He*) = 3.1 kG

The charge ratio He**/He* >> 1.

The number of He** ions is limited to maximum charge which
can be confined in EBIS (about 2.5 10" of 3He**/store).

It is sufficient to obtain ~10'" He**/bunch in the RHIC.



EBIS ionizer for polarized *He gas (proposal).

He-3
metastability
-exchange
polarized cell
P - 80-90%.
| a5 0
He**/pulse

Pumping laser - A 1 EBIS'ionizer,
1083 nm. B~ 50 kG

He-transfer line. Valve.
~50-10"" , 3He /pulse.




SHe - Lamb-shift polarimeter.

He** He*(2S) . Quench
EBIS — | H2cell | ——— Spln-fllter — region
ﬁe** beam Solenoid \40.4 eV photons
Energy 10-30 keV ~2.5 kG
~10 GHz RF He+(2S)
transition detector

The polarimeter development can be done with the He** beam
from the OPPIS ECR-source.




Polarized sources for RHIC, eRHIC, deutron EDM.

« Polarized H- ion source and polarized H-jet ABS are presently in
operation at RHIC.

« Polarized 3He++ ion source is under development for future
exsperiments at RHIC, eRHIC.

« High-intensity polarized electron source is required for eRHIC (MIT,
Bates proposal).

« Polarized D source is required for the deutron EDM exsperiment.

High-intensity H-, 3He**, electron sources

are essential components of the RHIC, eRHIC
physics, therefore strong source development
program has to be established.



Polarized Sources and Targets PST 2007 Workshop

« Date: September 10-14, 2007

* Brookhaven National Laboratory

* Focussed discussions on:

» Polarized lon, Electron and He-3 polarized sources.

» Polarized internal targets.

* Polarimetry.

* |Invited speakers. Round — table discussions.

* Posters on status and summary talks.

* One day —lectures for students and BNL staff at BNL.

« Expected number of participants ~80 (~20 students).
Registration fee - $250 (reduced for students).

* Publication in AIP Proceedings.



OPPIS with the “Fast Atomic Hydrogen Source” I

e The ECR source has a comparatively low emission current density and high
beam divergence. This limits further current increase and gives rise to
inefficient use of the available laser power for optical pumping.

e In pulsed operation, suitable for application at high-energy accelerators
and colliders, the ECR source limitations can be overcome by using instead
a high brightness proton source outside the magnetic field.

. Atomic hydrogen beam current densities greater than 100 mA/cm?2 can be
obtained at the Na jet ionizer location (about 180 cm from the source) by
using a very high brightness fast atomic beam source developed at BINP,
Novosibirsk, and tested in experiments at TRIUMF, where more than 10 mA
polarized H- and 50 mA proton beam intensity was demonstrated.



OPPIS with the “Fast Atomic Hydrogen Source” I

. Higher polarization is also expected with the fast atomic beam
source due to: a) elimination of neutralization in residual hydrogen;
b) better Sona-still transition efficiency for the smaller ~ 1.5 cm
diameter beam; c) use of higher ionizer field (up to 3.0 kG), while
still keeping the beam emittance below 2.0 # mm-mrad, because of
the smaller beam — 1.5 cm diameter.

. All these factors combined will further increase polarization in
the pulsed OPPIS to:

over 90% and the source intensity to over 10 mA.
A new superconducting solenoid is required.

e The ECR-source replacement with an atomic hydrogen injector will
provide the high intensity beam for polarized RHIC luminosity
upgrade and for future eRHIC facilities.
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